ABSTRACT
INTRODUCTION
Hepatitis B virus is a DNA virus which could lead to potentially life-threatening liver infection. 1 Hepatitis B virus infection is a major public health problem worldwide that needs special concern. Roughly 30% of the world's population show serological evidence of current or past infection. 2 Approximately 350-400 millions people live with chronic infection. An estimated 600.000 people die each year due to the acute or chronic consequences of hepatitis B virus infection. 1 Chronic hepatitis B virus infection could lead to progressive liver damage, but mostly (60-85%) are asymptomatic. That is why it becomes undetectable, until signs and symptoms of chronic liver disease/cirrhosis appear. 2 However, hepatitis B virus reactivation in this population may occur, either spontaneously or upon immunosuppression. Impairment of the host immune system due to treatment with chemotherapeutic or immunosuppressive agents raises the risk of HBV reactivation. The consequences of hepatitis B virus reactivation range from self-limited conditions to fulminant hepatic failure and death. 4, 5 
HEPATITIS B VIRUS REACTIVATION
Hepatitis B virus reactivation is a sudden increase of hepatitis B virus DNA (more than 10-fold) in serum, or reappearance of hepatitis B virus DNA in the serum, commonly accompanied by increase of alanine transaminase (ALT) level in patient with inactive or resolved hepatitis B. The increase of ALT level is characterized by threefold rise above the upper limit of normal value or an absolute increase more than 100 U/L. Also, previously HBeAg-negative patients become HBeAg-positive. To diagnose hepatitis attributed to hepatitis B virus reactivation, clinicians must exclude other possible causes, such as evidence of hepatic infiltration by underlying malignancy, administration of hepatotoxic drugs, recent history of transfusion, and presence of other systemic infections. For patients with HBsAg-negative and HBcAgpositive, hepatitis B virus reactivation is characterized by reappearance of HBsAg with the increase of ALT level in two measurements over a period of 5 days, and increase of hepatitis B virus DNA more than 10 5 copies/mL. 4, 5, 6 Hepatitis B reactivation has been described as a three-phase event (Figure 1) . Initially, an increased HBV DNA levels in an HBsAg positive person is found, or reappearance of either HBsAg (seroconversion) or HBV DNA occurs; this period is usually asymptomatic. When the following phase takes places, HBV DNA levels show a sustained increase in viral load, accompanied by concomitant elevations in aminotransferase levels, which may also be associated to the development of severe hepatocellular damage; to note, even acute liver failure and ultimately death may occur. The aforementioned events result from a reconstitution syndrome of the host immune response. Finally, liver damage resolves due to recovery of the immune system strength (spontaneously or as a result of immunosuppressive therapy suspension) or due to administration of antiviral drugs. [2] 3 with HBsAg-negative and HBcAg-positive, hepatitis B virus reactivation is characterized by reappearance of HBsAg with the increase of ALT level in two measurements over a period of 5 days, and increase of hepatitis B virus DNA more than 10 5 copies/mL. 4, 5, 6 Hepatitis B reactivation has been described as a three-phase event (Figure 1) . Initially, an increased HBV DNA levels in an HBsAg positive person is found, or reappearance of either HBsAg (seroconversion) or HBV DNA occurs; this period is usually asymptomatic. When the following phase takes places, HBV DNA levels show a sustained increase in viral load, accompanied by concomitant elevations in aminotransferase levels, which may also be associated to the development of severe hepatocellular damage; to note, even acute liver failure and ultimately death may occur. The aforementioned events result from a reconstitution syndrome of the host immune response. Finally, liver damage resolves due to recovery of the immune system strength (spontaneously or as a result of immunosuppressive therapy suspension) or due to administration of antiviral drugs. [2] Figure 1. Hepatitis B reactivation phases. In the initial phase, there is an increase in HBV DNA levels, usually with an asymptomatic evolution. In the second phase,both ALT and HBV DNA are elevated; symptoms are frequently present, and they may be severe. The third phase is determined by resolution, although HBsAg (if reappeared), or elevated HBV DNA, may persist. IS: Immunosuppression; HBV: Hepatitis B virus; ALT: Alanine aminotransferase; HBsAg: Hepatitis B surface Antigen [2] The causes of hepatitis B virus reactivation are varied, although this could be spontaneous, in most patients who develop viral reactivation, due to imbalance between host immunity and hepatitis B ALT ( UI/L) HBV DNA ( IU/mL) ( The causes of hepatitis B virus reactivation are varied, although this could be spontaneous, in most patients who develop viral reactivation, due to imbalance between host immunity and hepatitis B virus activity. This imbalance may be induced by immunosuppressive agents, cytotoxic chemotherapy, HIV infection, or sudden withdrawal of antiviral therapy. 4 Clinically, hepatitis B virus reactivation varies from asymptomatic elevation of serum ALT to acute liver failure and death. 
CHEMOTHERAPY-RELATED REACTIVATION OF HEPATITIS B VIRUS INFECTION
Malignant cancer is a worldwide disease and in developing countries one in three people will develop cancer during their lifetimes. 7 Over the last decades, chemotherapy has demonstrated a significant role in malignancy treatment and may prolong life expectancy. It is estimated that 1 in 4 patients with malignancy and chronic hepatitis B infection in Japan develop infection reactivation due to receiving chemotherapy. Hepatitis In the initial phase, there is an increase in HBV DNA levels, usually with an asymptomatic evolution. In the second phase,both ALT and HBV DNA are elevated; symptoms are frequently present, and they may be severe. The third phase is determined by resolution, although HBsAg (if reappeared), or elevated HBV DNA, may persist. IS: Immunosuppression; HBV: Hepatitis B virus; ALT: Alanine aminotransferase; HBsAg: Hepatitis B surface Antigen [2] B virus reactivation during anticancer treatment may results in life-threatening events and poor outcome due to early discontinuation of chemotherapy. 6, 8 The first prospective study on hepatitis B virus reactivation was published in 1991, and included Chinese patients with malignant lymphoma who received chemotherapy. Hoofnagle et al described 2 cases of hepatitis B virus reactivation in asymptomatic hepatitis B virus carriers within 3 months of starting chemotherapy. Several other studies have shown that the median interval between the initiation of chemotherapy and the onset of reactivation was 4 months (1-9 months). The rate of hepatitis B virus reactivation in patients with chronic hepatitis B virus infection who have positive serum HBsAg ranges from 24-88%, and in patients who are anti-HBc-positive ranges from 3-22%. The mortality rate in HBV reactivation ranges from 23-71%. 1 Usually, HBV viral loads increase when patients receive immunosuppressants or chemotherapy. After withdrawal of such treatments, the host immune response rebounds, and hepatitis flare develops. 4 This viral replication occurs after the start of chemotherapy due to suppressed cellular immune response, the spread of hepatitis B virus to hepatocytes and rising serum hepatitis B virus DNA levels. These modifications may occur up to three weeks earlier than laboratory alterations and may be accompanied by serological reappearance of HBeAg and HBsAg. After chemotherapy withdrawal, the immunological function of host is restored leading to cytotoxic-T-cells mediated destruction of hepatitis B virus infected hepatocytes. This results in increasing ALT levels (hepatic flare) and may cause several clinical manifestations that could range from mild to severe, such as fulminant hepatic failure or even death. 5, 8 During this phase, HBV DNA levels may decrease. 8 The risk factors for hepatitis B virus reactivation have not been clearly identified. The key to prevent HBV reactivation is the timely identification of HBVinfected patients prior to immunosuppressive therapy. Risk factors associated with HBV reactivation have been less described. Risk factors for HBV reactivation in patients with current/past hepatitis B infection are included in Table 1.   2 Most of the risk factors identified to date are based on case studies of small sample size. Hepatitis B virus reactivation usually occurs after the second or third course of chemotherapy [1] . 
CHEMOTHERAPEUTIC AGENTS ASSOCIATED WITH HEPATITIS B VIRUS REACTIVATION
Various types of chemotherapeutic agents may cause immunosuppressive state in patients that could induce hepatitis B virus reactivation in patients with chronic hepatitis B infection. Table 2 summarizes various types of chemotherapeutic agents that have been reported to cause hepatitis B virus reactivation. 1 Those chemotherapeutic agents listed in Table  2 have different magnitude of risk for hepatitis B virus reactivation in patients with positive HBsAg and negative HBsAg/positive anti-HBc. Several new chemotherapeutic agents (biological agents) such as B-cell depletion agents are potent immunosuppressants, that yield higher risk for hepatitis B virus reactivation. For instance, rituximab, is an agent predominantly used to treat haematological malignancy in addition to autoimmune and neurological disease. 9, 10 Rituximab is an agent that works against CD20 on B-cell. CD20 positive B-cells depletion might reduce the number of CD4 memory cells, CD8 cells, and antibody-mediated immunity. It results in acceleration of hepatitis B virus replication during receiving rituximab-based chemotherapy. Rituximab-based chemotherapy has been reported to cause hepatitis B reactivation even Hepatitis B Reactivation in Immunosupressed Patients, Prophylaxis and Management when administered alone or even in combination. The rate of hepatitis B virus reactivation during rituximab treatment when combined with chemotherapy has been reported to be 20-55% overall and 3% in patients with negative HbsAg. 10, 11 due to various chemotherapeutic/ immunosuppressive agents are shown in Table 2 and Figure 3 .
Patients undergoing stem cell/bone marrow transplantation are at the highest HBVr-risk followed by those receiving solid organ transplantation. Bone marrow/stem cell transplanted patients typically need intense chemotherapy to induce remission of the underlying malignancy, followed by additional chemotherapy and radiation therapy to ablate bone marrow. This setting causes the rate of hepatitis B virus reactivation reaches 50% in both HBsAg-positive and HBsAg-negative with anti-HBc-positive patients. Anti-HBs titres below 10 mUI/mL are a predictor of HBsAg seroreversion in the group of patients with HBsAg-negative/anti-HBc-positive. Corticosteroids are the most commonly used immunosuppressants associated with hepatitis B virus reactivation through their effect on T-cell function, that also may enhance hepatitis B virus replication through their interaction with the hepatitis B virus glucocorticoid element (a transcriptional regulatory element). A study has demonstrated that a 4-weeks course of prednisone has been associated with hepatitis B virus reactivation in the post-withdrawal phase of prednisone and worsened liver histology. The rate of hepatitis B virus reactivation events in the setting of chronic airways disease due to chronic oral vs. inhaled steroid use is 11.1% and 3.2%, respectively. 9 The magnitude of risk of hepatitis B virus reactivation Ulfa Kholili, Tri Yanti
PROPHYLAXIS AND MANAGEMENT OF HEPATITIS B VIRUS REACTIVATION
The rate of conversion to fulminant hepatitis as a result of hepatitis B virus reactivation and the mortality rate are estimated higher among patients with hepatitis B virus reactivation than among patients with acute hepatitis. It suggests that the prognosis of patients with hepatitis B virus reactivation who also develop liver damage is extremely poor, thus it is important to suppress reactivation before liver dysfunction is developed. 6 Various ways to prevent hepatitis B virus reactivation in patients receiving immunosuppressive agents such as chemotherapy are required and have already been performed. These include some aspects, such as optimal screening in certain population requiring prophylactic therapy, selection of the most appropriate agent, duration of prophylaxis, type and duration of monitoring in high-risk population of patients who do not receive prophylaxis. 1, 12 Management guidelines originating from America, Europe, and the Asia-Pacific region recommend all cancer patients should be checked hepatitis B virus markers. These markers include HBsAg and anti-HBc, and should be checked prior to initiation of chemotherapy. Prophylactic antiviral therapy is recommended for individuals who are positive for HBsAg before the start of chemotherapy. The duration of antiviral prophylaxis must be extended for at least 6 months after completing chemotherapy to avoid delayed HBV reactivation. It would be better to have a longer duration of antiviral therapy until treatment end points are reached, i.e. HBeAg seroconversion for HBeAg-positive, undetectable level of hepatitis B virus DNA and HBsAg loss for HBeAg-negative patients. It is highly recommended for patients with high viral loads at baseline (>2,000 IU/mL). For cases with low viral load at baseline and treatment duration is less than 12 months, antiviral drugs such as lamivudine or telbivudine could be used. Otherwise, antiviral drugs such as entecavir or tenofovir are preferred. 4, 8, 12, 13 In HbsAg-positive patients, duration could be determined by clinical indication as in immunocompetent patients. A 12-months treatment was only endorsed by EASL. Drug selection depends on treatment duration and clinical setting. In isolated anti-HBc-positive patients when treated with biologic agents, close follow-up and treatment if necessary, is suggested by AASLD/APASL; however EASL proposes that isolated anti-HBc-positive patients, if HBV-DNA-positive, anti-HBs-negative or undergoing rituximab/stem cell transplantation, should be treated with the same strategy as HbsAg positive patients; When monitored, treatment should start when HBV DNA becomes positive , before ALT rises (EASL); Treatment in all HBV-related HCC patients undergoing TACE is suggested by APASL guideline. Generally, individuals with HBsAg-negative/anti-HBc-positive except transplantation, have no recommendation yet to receive prophylactic antiviral therapy, but should be monitored continuously during chemotherapy to detect reactivation and administer prompt management. There is no established recommendation for routine antiviral prevention for patients who are negative for HBsAg but positive for anti-HBc. Hepatitis B virus DNA should be checked in this group of patients, and continuous hepatitis B DNA monitoring must be performed to detect hepatitis B reactivation. Antiviral treatment should be started as soon as hepatitis B virus DNA has increased tenfold compared with baseline, and >2000 IU/mL during the course of chemotherapy. 4, 8, 12, 13 Patients who will undergo bone marrow transplantation from non-immune donor are recommended to receive prophylactic therapy, while the recipient of liver graft with positive anti-HBc should receive HBIg in addition to prophylactic therapy.
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CONCLUSION
HBV reactivation is a clinical problem associated with high morbidity and mortality rates. HBV Screening before starting immunosuppressive therapy is a key factor to prevent HBV reactivation. Many HBV-infected patients are unconscious of their disease or risk factors. An appeal from scientific societies for physicians to spend enough time to assess patients for HBV risk factors prior to begin immunosuppression therapy is mandatory.
Most management guidelines recommend to check hepatitis B virus markers, such as HBsAg and anti-HBc in those who are to undergo chemotherapy. Prophylactic therapy is recommended before the start of chemotherapy until at least 6 or 12 months after completing chemotherapy or when treatment end points are reached. There is no consensus on the length of prophylactic treatment before the patients are treated with immunosuppressive therapy, and for how long this therapy should be extended once treatment is completed. Choice of antiviral drugs for prophylaxis such as lamivudine, telbivudin, entecavir or tenofovir, depends on viral load and duration or therapy. 
